Purpose The current study was carried out in Gadoon Amazai industrial estate and surrounding areas in order to investigate environmental pollution resulted from various industries. The industries flush their effluents in the surrounding areas without treatment, which can contribute toxic elements and compounds to the soil and also to groundwater of nearby areas. The toxic metals have high potential ecological risk to surrounding environment. Materials and methods A continuous field survey was conducted to find out flow of industrial effluent in surrounding area. For determining major and toxic metals in soil, a random sampling technique was followed to collect representative samples. A total of 45 samples were collected with 25 soil samples from target areas and 20 samples from the reference areas. For the toxic and heavy metals, 1 g powder soils (−200 mesh size) was treated with hydrofluoric acid (10 ml), aqua regia (20 ml), and HCl (20 ml). For the major elements, 0.5 g samples was treated with hydrofluoric acid (10 ml) and perchloric acid (4 and 2 ml with 2-h interval). All these soil samples were analyzed for 13 major and toxic metals using Perkin Elmer atomic absorption spectrophotometer (AAS-700) equipped with graphite furnace (GF). Results and discussion The results showed that the mean concentrations (mg/kg) of toxic, heavy, and major elements in target area are
Introduction
The sources of metal contents in biosphere and hydrosphere are either anthropogenic or geogenic in nature, but the anthropogenic sources are dominant in causing contamination. The anthropogenic sources are mostly observed in intense industrial areas (Flaten and Steinnes 1999) . In these areas, environmental issues related to soil and sediment pollution through toxic and heavy metals received greater attention in both developed and developing countries (Zhang et al. 2007 ). The
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Electronic supplementary material The online version of this article (doi:10.1007/s11368-015-1075-9) contains supplementary material, which is available to authorized users. important impact of soil pollutants on environment is to contaminate the food chain through plants, which ultimately affect human health. The humans can consume much higher amount of toxic metals through various ways, which are carcinogenic, teratogenic, and causing other cardiovascular problems (Steinnes et al. 1989; WHO 2004) .
Due to mobility and ingestion of toxic and heavy metals, a variety of health problems have been caused, i.e., vomiting, diarrhea, anemia, nausea, kidney damage, abdominal pain, salivation, and anorexia (Khan et al. 2008; Gaballah and Kilbertus 1998) . Beside this, some of the diseases are carcinogenic, which are caused by exposure to toxic and heavy metals. Continuous exposure to toxic metals can lead to fatal health hazard, which can cause rough skin with black dots and arsenical skin lesions, especially on face, arms, and feet of locals (Kazi et al. 2009 ).
The risk assessment codes are very useful to assess the major and toxic metals in soils and sediments. These codes are classified into two broad categories, i.e., single and integrated assessment indices (Filipssona et al. 2007; Hakanson 1980) . Among the single assessment indices, it could be further divided into five categories, i.e., contamination factor, pollution load index, enrichment factor, ecological risk index, and geo-accumulation index. In these indices, the contamination factor is commonly used to find out the variation between the target and reference samples toxicity and their risk for environment (Cabrera et al. 1999; Ameh et al. 2011) . Potentially ecological risk is the statistical tool used to determine ecological risk of heavy metals in soils. The toxic response factor is different for different metals, but for some elements, it is neglected because it has no toxicity to environment. However, ecological risk index can measure both toxicity and total concentration of heavy metals in soil and sediments (Sundaray et al. 2011) . Geo-accumulation index is a technical method used to quantify the degree of anthropogenic or geogenic contamination and their variation range of concentration in soils. Geo-accumulation index is used to quantify metals in soil and also their health risk grades (Grath et al. 2004; Harikumar et al. 2009 ).
Studies conducted on Gadoon Amazai Industrial Estate during the period of 1996-2014 reveals high concentrations of major and toxic metals in the soil, plants, and groundwater. Other parameters such as alkalinity, hardness, chloride, chemical oxygen demand, nitrate, sulfate, total dissolved solids, and total suspended solids were also found above their respective permissible limits (Hussain 2014; Baig 1996) . Nasrullah et al. (2006) have analyzed the crops of Gadoon Amazai area and found the effect of toxicity in the crops through industrial effluents. These pollutants can cause a variety of chronic and acute diseases. Geochemical investigation of Gadoon and surrounding areas has revealed that geogenic sources possibly release sulfate and nitrate, which accumulate in soil and water bodies and pose threats to local inhabitants (Baig 1996) . As the Gadoon industrial estate was newly established at that time, therefore, Baig's study did not specifically point out the role of industrial estate in contaminating the various resources. Khan et al. (2009) reported that the Gadoon wetland inlets had significant concentration of contaminants than outlets and industrial wastewater could be a source of contamination, but the study was limited to wetland only. In 2014, Amin et al. (2014) conducted a similar study on the Gadoon industrial estate for identification of heavy metals only released by two chemical industries (Sardar and Shafi Chemical Enterprises). They collected only seven samples from one drain and did not analyze whole industrial estate. Therefore, the study of Amin et al. (2014) has not explored the toxicity and ecological risk associated with entire industrial estate.
Risk assessment through different methods is an important tool for identification and management of toxic metals. The industries in the Gadoon Amazai industrial estate (GAIE) discharged a huge amount of wastewater to surrounding soils with greater chances of high concentration of toxic metals. The assessments of ecological and toxicological risks in soil can be attributed to anthropogenic inputs, which can play an important role in assessing soil contamination. The aim of the current study was to evaluate the metal toxicity in soil released by anthropogenic and geogenic activities. The distribution frequency of contaminants in soil and their risk to ecological system was assessed through ecological risk index, geoaccumulation index, pollution load index, and other statistical techniques.
Material and methods

Study area
The study area is located between latitude 33°5′ 20″ to 33°7′ 20″ N and longitude 72°32′ 45″ to 72°35′ 45″ E with an average altitude of 325 m from sea level (Fig. 1) . The study area is bordered to north by Baisak, south by Topi, east by Maini, and west by Gandaf (Khan et al. 2009 ). Gadoon Amazai Industrial Estate was established in 1986-1987 and comprises of 330 operational units (SDA 2009). The major operational units such as textile, marble, plastic, chemicals, soap and detergent, ghee and cooking oil, and steel industrial units discharged a huge amount of wastewater to the open environment without treatment, which was used for irrigation purposes (Khan et al. 2009 ).
Gadoon industrial area is part of Chach plain extending from Attock district (Punjab) to southwest of Topi and Swabi, and is a plain, fertile, and moist area (Hussain 2014) . The soils are classified as an alluvial plain deposit of Indus River. The geomorphological feature comprises piedmont, flood plain, infilled basin, and local fans. Soil texture is generally sandy and silty and is developed mainly from loess material, which is used for irrigation farming (Hussain et al. 1993 ).
Sample collection
Soil samples were collected from GAIE and surrounding areas in order to assess the contamination between the target and reference areas. In this study, the target areas are considered as those areas, which are mostly irrigated with wastewater flushing by the industries of industrial estate. Reference areas are selected as those areas, which are mostly irrigated with freshwater. These areas have no chance of contamination through any anthropogenic sources.
A random sample technique was applied to collect the soil samples from various locations. Twenty-five samples were collected from the target areas, while 20 samples were collected from the reference areas. These samples were transferred to the Geochemistry Laboratory of the National Centre of Excellence in Geology (NCEG), University of Peshawar, for further processing.
Geochemical analysis
The soil samples were sieved through 2-mm mesh, and the organic matters were removed. These samples were then pulverized to −200 mesh size in the vibrating disc mill. A representative portion of each sample was separated by splitter. For the toxic and heavy metals, 1.00 g of each soil powdered sample was taken in Teflon beakers. Ten milliliters of hydrofluoric acid (HF) was added to each beaker and heated for 1 h on hot plate at low heat, and then 20 ml of aqua regia (3HCl/1HNO 3 ) was added to each beaker and heated till the solution got dry. Again, 20 ml of 2NHCl was added and heated for a while and then the digested contents were filtered through a no. 42 Whatman filter paper into 50-ml volumetric flasks (Macalalad et al. 1988; Jeffery and Hutchison 1986) . For major elements, 0.5 g of each sample was taken in Teflon beakers. Ten milliliter of HF and then 4 ml of perchloric acid (HClO 4 ) were added to each beaker and heated for one hour at low heat on hot plate. After 1 h, 2 ml of perchloric acid was added again and heated till a paste was obtained in each beaker. After obtaining paste, 4 ml of perchloric acid was added again and heated for a while. The contents of each beaker were filtered through a no. 42 Whatman filter paper in 250-ml volumetric flasks (Jeffery and Hutchison 1986) . In order to verify the analysis, the certified reference geological standards (i.e., G-2, AGV1, and W-2) were also treated by the same methods. The final solutions, obtained after digesting the soil samples, were then aspirated through atomic absorption spectrophotometer (Perkin Elmer 700) under standardized conditions, and the concentrations of major, toxic, and heavy metals were determined in the samples collected from target and reference areas and the certified reference geological standards. The chemical and reagents used were of research grade. The Hussain et al. 2004) precision and reproducibility were found within the confidence limit of 90 %.
Geo-statistical analysis
In the statistical technique, indices were applied to assess the contamination load in soil. There are two types of indices, i.e., single index and integrated index. Integrated indices are the geo-statistical techniques applied on aggregate elemental contaminants rather than single elements pollution, but each of integrated indices could be obtained from single pollution load index as suggested by Caeiro et al. (2005) and Qingjie and Jun (2008) . The SSPS software was used for statistical analyses.
Contamination factor
Contamination factor (CF) is also called single pollution index (PI). Contamination factor is the quotient obtained by dividing the concentration of metals related to the target area by reference area. Their results are mostly associated with single pollution load, while their n-root was used for integrated pollution load index. The contamination factor can be calculated through the following formula as suggested by Harikumar et al. (2009) .
CF ¼ Cn Bn
In above equation, BCn^is the concentration of metals in the target area, and BBn^is the metals concentration of the reference area.
Geo-accumulation index
Geo-accumulation index is used to quantify the degree of anthropogenic or geogenic accumulated pollutant loads in soil and can be determined through the following formula:
where BCn^and BBn^are the determined concentration of metals in the target and reference areas, respectively. The factor 1.5 is possible anthropogenic variations of contaminants in reference areas (Lokeshwari and Chandrappa 2006; Fagbote and Olanipekun 2010) .
Ecological risk factor
Ecological risk index (ERI) is critical to measure both risk factor and metals concentrations in soil. The potential ecological risk index can be determined through the following formula:
where BEr^is the potential ecological risk factor/index, BTrr epresents the toxic-response factor, and BCF^represents contamination factor (measured through Section 3.1). The toxic response values for some of the toxic and trace elements are As=10, Cr=2, Cd=30, Cu=5, Pb=5, Ni=5, and Zn=1 as suggested by Hakanson (1980) .
Enrichment factor
The enrichment factor (EF) was calculated for the level of elemental enrichment in soil and sediments in terms of their anthropogenic and geogenic origins. Enrichment factor is a common approach to assess the impacted soil and can be calculated through following formula as suggested by Huu et al. (2010) ; Atgn et al. (2000) :
where BCn^is the concentration of elements in the target area, and BCm^is the rare concentration (lowest possible concentration in the target area) of element in the target area, whereas BCb^is the concentration of element in reference area, and BCx^is a rare concentration (lowest possible concentration in the reference area) of element in the reference area.
Pollution load index
Pollution load index (PLI) is simple statistical technique used to determine elemental contents in soil beyond the reference concentration and provide comprehensive information about the metals toxicity in respective samples (Tomlinson et al. 1996; Yang et al. 2011) . Pollution load index can be determined through the following formula:
where BPLI^represents the pollution load index, BCF^is the contamination factor, and Bn^is the number of elements. The PLI B>1^indicates polluted, while B<1^indicates no pollution.
Weighted average of pollution index (PIw avg )
Weighted average of pollution index (PIw avg ) is a simple statistical technique used for toxic and major elements importance (toxicity) in the target area. A weighted average of pollution index was defined by Qingjie and Jun (2008) and is calculated as:
WiPi where Pi is the single pollution index of metals i, Wi is the weight of Pi, and m is the count of heavy metals species. The weight values for major and toxic metals are 1-5 as suggested by Qingjie and Jun (2008) . The high values of this index indicate the high toxicity, i.e., 5. As the toxicity decreases, the value also reduces up to 1. Here, the sum of PIw avg was not necessary but just for the sake of expressions.
Results and discussion
Elemental concentrations in soils
Comparison of the relative concentration of toxic, heavy, and major elements in target and reference areas of GAIE and surrounding areas are given in Table 1 , while their respective results for all the samples are given in Table S1 and Table S2 (see Electronic Supplementary Material). The concentrations of all the elements of target area were higher than those of the reference area with greater variation in the relative abundance of most of the elements. The highest and lowest possible variation was found between Pb and Ni (76.69 and 4.93 %), respectively ( Table 1 ). The increasing trend was in the order of Pb>Cr>Zn>Cu>Mn>Na>Ca>Fe>Cd>Mg>Co>K> Ni. Majority of the major elements were in low variation, while toxic and heavy metals had high variation. This variation can be attributed to the variable release of effluents from the industries.
Geo-accumulation index
According to Fagbote and Olanipekun (2010) , the intensities for geo-accumulation index (GAI or I geo ) of element according to their grading, degrees, and values are classified as: grade zero (0<I geo ≤1), which is considered as unpolluted, grade 1 (1<I geo ≤2) as slightly polluted, grade 2 (2<I geo ≤3) as moderate polluted, grade 3 (3<I geo ≤4) moderate to severely polluted, grade 4 (4<I geo ≤5) as severely polluted, while grade 5 (I geo >5) as severely to extremely polluted.
The geo-accumulation indices of toxic, heavy, and major elements calculated for the soil of the study areas are given in Table 2 . The minimum, maximum, and mean values of geoaccumulation index for each element are graphically presented in Fig. 2 . The mean GAI trend for heavy and major elements were Cr > Mg> Ca > Pb >Cu> Zn > Fe >Mn > Na >Co >Ni> Cd>K.
According to GAI, the elemental concentration in the studied soil samples could be categorized as: (1) Cr, Mg, and Ca in severely to extremely polluted category; (2) Pb and Cu in moderately to severely polluted category; (3) Zn, Fe, and Mn in moderately polluted category; (4) Co and Na in slightly 
Enrichment factor
Majority of geogenic and anthropogenic constituents of toxic and heavy metals in term of their distribution, contribution, and significant threats to living organism can be explained through enrichment factor (Atgn et al. 2000) . As the enrichment factor increases the distribution of contaminants also increases. On the basis of enrichment factor six degrees are recognized (Sutherland 2000) . If the enrichment factor (EF) is ≤1, it is considered as a background rank, 1-2 as minimal, 2-5 as moderate, 5-20 as significant, and 20-40 as very high enrichment, while EF above 40 was considered as extreme high enrichment (Huu et al. 2010 ). The enrichment factor for Cr, Cd, Pb, Ni, Cu, Zn, Co, Fe, Mn, Mg, Na, Ca, and K were 0.02, 4.49, 0.56, 1.28, 2.17, 1.86, 1.53, 0.36, 0.61, 0.19, 0.92, 0.14, and 3.18, respectively (Fig. 3) . Among these major and toxic elements, i.e., Cr, Pb, Fe, Mn, Mg, and Ca were in depletion range, while Cd, Ni, Cu, Zn, Co, and K were enriched in the study area. The enrichment trends for major and toxic metals in the study area were Cd>K>Cu>Zn>Co>Ni>Na>Mn>Pb>Fe>Mg>Ca and Cr, respectively.
Ecological risk index
The ecological risk index (ERI) is used to evaluate the ecological risk degrees for toxic and heavy metals in soils (Hakanson 1980) . The potential ecological risk (Er) and its grading are summarized as. If Er is <40, it is ranked as low risk for environment, if Er 40≤Er<80, it may cause moderate risk, if the values found between 80≤Er<160, it may cause considerable risk, and if Er160≤Er<320, it may cause high risk, while Er≥ 320 is ranked as a very high risk for environment. The ERI was determined mainly for the toxic and heavy metals but also applied for the major elements in term of their compounds, which could be toxic for biological species (Yisa et al. 2012) .
The distribution of minimum, maximum, and mean potential ecological risk for environment in the soil samples of the study area showed that Cr posed high risk to ecological system; while Pb caused significant risk, Cd, Cu, Mg, and Ca posed a moderate risk (Table 3 ). The remaining elements may have caused low ecological risk to the environment. The decreasing trend of heavy metals in the study area for potential ecological risk to environment were in the order of Cr>Pb>Cd>Cu>Zn>Ni>Co, while the decreasing trend for major elements were Mg>Ca>Mn>Fe>Na>K (Table 3) . The ERI has proved to be very useful for heavy and major element pollutants in soil and sediments (Qingjie and Jun 2008) . The ERI for the soil of the study area indicated that 7 % of elements posed no ecological risk, 50 % were in low risk, 28 % were in moderate risk, 7 % were in considerable risk, and the remaining 7 % were in very high risk.
Pollution load index
The PLI for all the elements of study area soil are given in Table 4 . Pollution load index can be obtained by integrating The combined pollution load index was extracted from contamination factor. The decreasing trend of PLI for toxic and heavy metals were found as Cr>Pb>Cu>Zn>Co> Ni > Cd, while the PLI decreasing trend for major elements were noticed as Mg > Ca > Fe > Mn > Na > K. The minimum contamination factor showed that 30 % of elements were included within perfection category, 15 % were in baseline level, while the remaining 55 % were in polluted category.
A weighted average of pollution index
A weighted average of pollution index was also calculated for various elements in the study area according to methodology defined by Qingjie and Jun (2008) . The decreasing trend of mean weighted pollution index of toxic and heavy metals were in the order of Cr>Pb>Zn>Cu>Cd>Ni>Co, while the decreasing trend for major elements were Mg>Ca>Fe> Mn>Na>K. The mean, minimum, and maximum PIw avg are given in Table 5 . The weighted values varied from 1 to 5 on the basis of their toxicity. On the basis of higher toxicity of Cd, it is ranked as 5, while K is ranked 1 because of its low or no toxicity. The minimum, maximum, and mean values of PIw avg were 432.1, 2537, and 1308, respectively (Table 5) .
The statistical analysis revealed that the geo-accumulation index, ecological risk index, and contamination factor were correlated with each other, while enrichment factors mostly fluctuated with other statistical methods.
In the case of Cr, the geo-accumulation index, ecological risk index, and contamination factor showed high values according to their grades or degrees, while enrichment factor showed a low value for Cr according to their own grades. According to geo-accumulation index, contamination factor and ecological risk factor for cadmium showed low risk values, while enrichment factor reveal that the Cd was enriched in the study area (Table 6) .
According to the geo-accumulation index, ecological risk index, and contamination factor, potassium was observed in low category, while enrichment factor showed an enriched value for potassium. The statistical analysis, geo-accumulation index, ecological risk index, and contamination factor were mostly correlated with each other and did not show any discrepancy as compared to enrichment factor. According to Table 6 , the geo-accumulation index, ecological risk index, and contamination factor were considered suitable methods for evaluation of metals toxicity as well as their health and ecological risk identification. Whereas the enrichment was also found to be a suitable method, it is appropriate for determining mineral economical values rather than toxicity (Stolz et al. 2006) .
Discussions
The rapid growths of economic development, globalization, and industrialization have a major role in ecological destruction. Through these developments, various types of pollutants (i.e., heavy and major elements) are released, which continuously affect soil and water quality through various means, i.e., pesticides, wastewater irrigation, solid waste disposal, etc. (Banat et al. 2005) . For effective monitoring of aquatic environment, soil is the most sensitive and active indicator. Its contamination received serious attention in both developing and developed nations (Nicholson et al. 2003; Zhang et al. 2007 ). The comparative study (Table 7) showed that the Pb concentrations in this study were high compared with other reports except one by Ali and Malik (2011) . Lead is mainly present in organic and inorganic compounds. It has a wide range of toxic effects, including psychopathic effect (damaging of central and peripheral nervous system), cardiac problem, and inhibition in the blood production (Morais et al. 2012) . The concentration of Ni observed during the study was higher than most of the other studies ( Table 7) . The anthropogenic sources of Ni are nickel-cadmium batteries and ghee industries . Nickel is considered as a nasty, toxic, and carcinogenic metal. Upon high consumption, it generally stuck on DNA, protein, and blood. It also causes allergy and dermatitis (Thyssen et al. 2007 ). Cobalt concentration is also high and has a vital role in vitamins B12 found in tissues. The high accumulation of Co in human tissue can cause bronchial asthma, cardiovascular diseases (anemia), eczema, and destruction of thyroid gland. It is also considered as genotoxic and carcinogenic Manzoor et al. 2006) .
In the target area, the concentration of Cr is higher than that reported in most of the national and international literatures (Table 7) . Its concentration in the reference area is also higher than the majority of selected studies. This high concentration in the target area (industrial zones) can be attributed to anthropogenic inputs and mostly associated with metallurgical industries, such as stainless steel, metal plating, metal alloys, and chromium alloys industries. These industries usually release a vast amount of chromium to environment, which has drastic effects on human health as the high consumption of Cr causes asthma, chronic pharyngitis, erythema, and swelling of skin (Ipeaiyeda and Onianwa 2011) . It also causes renal effect, carcinogenic, hepatic problems (liver cell and necrosis), gastrointestinal effect, and cardiovascular effect in the human body (Jaboobi et al. 2014; Lenntech 2004) . In soil, Fe concentration is high, but it is lower than that of the other selected studies (Table 7) . Iron is essential for photosynthesis (chlorophyll formulation) if present in normal amount, but its deficiency cause chlorosis in plants. In human being, excessive Fe causes cardiovascular problems, hepatic effects, destruction of DNA chain, etc. (Brewer 2010).
The Zn concentration in both reference and target areas were higher than that of the national and international studies except Ali and Malik (2011) . The high level of Zn can cause stunted growth and chlorosis in plants. While in young plant, the size of internodes become short, and leaves adopt whitish color (Brewer 2010). The high exposures to Zn compounds are harmful to human health. Its high consumption can deregulate homeostasis, affect the molecular regulation of cells (brain cell death), and affect normal function of protein. Zinc deficiency also has a vital impact on growth, neuronal development, and body immunity (Wang et al. 2012) . Among the major elements, Cu can interfere with adrenal and thyroid gland function. Besides this, it also causes hypoglycemia, mental disorders (depression), reproductive disease (premenstrual syndrome), anemia, and anxiety (Singh et al. 2004) .
Major element concentrations are comparable with those of the other national and international studies ( Table 7) . The results reveal that the concentrations of major elements are almost similar to those from the other national and international studies. Major elements are more harmful in compound form than elemental form. These elements were found in high concentration in the studied soil, which could be taken up by the plants and hence ultimately enter into food chain causing significant health impacts in human body (Adakole and Abolude 2009) . Among the major elements, manganese caused spastic gait, sleepiness, paralysis emotional disturbance, and languor (Bohn et al. 2001) . The high consumption of sodium and potassium compounds causes health problem such as liver and kidney stress, feeling of frustration, intolerance of glucose, frustration feeling, hostility, and resentment (WHO 2004) .
Conclusions
On the basis of multiapproach analysis, including geoaccumulation index, enrichment factor, ecological risk index, and pollution load index, it has been noticed that the soil of the Gadoon Amazai Industrial Estate is highly affected by the release of effluents containing toxic and heavy metals from the various industries. These toxic metals can cause environmental problems in ecosystem of the area due to the release of toxic and heavy metals from the contaminated soil to the ground water system and also in the plants and vegetation grown in the soil. This alarming situation should be regularly monitored for health-related problems in the inhabitants of the area. It is, therefore, strongly recommended that phyto-or bioremedial measures should be considered by local and international agencies in order to minimize the extent of accumulated pollution loads.
